The National Toxicology Program's pathology database on 2-year carcinogenicity studies was reviewed for nonneoplastic ovarian disease. Ovaries from 39,941 female Fischer rats and 41,444 female B6C3F1 mice were examined. A variety of inflammatory, degenerative, vascular, and proliferative lesions were documented and are described. The most common ovarian lesions in rats were cysts (6%). The most frequent ovarian lesions in mice were cysts (15%), acute inflammation (4%), degeneration (4%), vascular disease (2.5%), and atrophy (2%). There was no difference in incidence of ovarian disease between controls and treated animals. The frequency of ovarian disease in mice exceeded the frequency in rats in every category.
Introduction
The National Toxicology Program (NTP) has one of the largest pathology archives in the world, containing histopathology slides from more than 160,000 control and treated B6C3F1 mice and Fischer 344 rats. In toxicologic pathology, it is important that the pathologist know the morphology and incidence of spontaneous nonneoplastic disease in the rodent strain or target organ in question. Naturally occurring and toxic-induced ovarian disease in the B6C3F1 mouse and F344 rat is not well documented in the literature. NTP's unique rodent pathology database provided an opportunity to document and describe these characteristic lesions of the ovary.
Materials and Methods
The lesions reported in this paper were found during histological examination of control and treated animals from 2-year carcinogenicity studies conducted for the National Cancer Institute (NCI) and NTP. The majority of these studies contained control, low, and high dose groups, each of 50 male and 50 female rats and mice. The NTP data base at the time of this review contained 39,941 female Fischer 344 rats and 41,444 female B6C3F1 mice (Table 1 ). The animals were necropsied by or under the supervision of the laboratory pathologists. The ovaries were removed from the carcass, fixed in 10% buffered formalin, embedded in paraffin, sectioned at 5 to 6 ,um, and stained with hematoxylin and eosin. Additional special stains were employed in some cases. 
Results and Discussion
The incidence of nonneoplastic lesions of the ovary in NTP B6C3F1 mice and F344 rats is shown in Table 2 . There was no difference in incidence of ovarian disease between control and treated groups. The incidence of nonneoplastic ovarian lesions was greater in mice in every category examined.
Acute and Chronic Inflammation
Acute inflammatory lesions of the ovary included frank abscesses as well as focal or multifocal suppurative and necrotic changes within the ovarian parenchyma. There was an eightfold increase in incidence of lesions in mice over rats (Table 3 ). Nonneoplastic lesions of the ovary and uterus have been previously reported in NCI rats and mice (1, 2) . In recent years, the NTP has recorded a significant increase in the number of B6C3F1 female mice with ovarian abscesses (Plate 1). The disease was observed in 2-year toxicity studies and generally did not occur in animals under 14 months of age. The ovarian abcesses were often large; many ruptured, resulting in peritonitis. An accompanying suppurative metritis was often observed (Plate 2). The incidence of ovarian abscesses ranged from less than 1% to 70% among 91 chronic studies, with an average incidence of 9%. There was a difference in the incidence of ovarian abscesses in mice from various breeding facilities, the rate ranging from 2.6 to 15.3%. Bacterial cultures from these abscesses were frequently positive for Klebsiella sp., particularly Klebsiella oxytoca (3) . At NTP, the disease has been controlled by changing mouse vendor sources and implementing improved animal husbandry procedures at the testing laboratories.
The incidence of chronic inflammation of the ovary ( (Plate 9) , but the incidence of amyloidosis was lower in the B6C3F1 mouse than previously reported in other mouse strains (8, 9) . Amyloidosis is particularly common in the luteinized tissue of DBA mice (10) . In CD1 mice, amyloid deposition may be so severe that it obscures the identity of the ovary (9) .
An example of hyalin degeneration is shown in Plate 10. This change mainly affects the corpora lutea, which are gradually transformed into homogeneous, eosinophilic round masses in which secondary calcification may occur (11) . Degenerative changes of the corpus luteum were seen in aged animals in this series (Plate 11) .
Pigmentation
For the diagnoses coded as pigmentation (Table 6 ), the type of pigment was not specified. A re-examination of these ovaries revealed that in many instances, the pigment was yellow or yellow-brown, slightly granular, periodic-acid-Schiff positive, and acid-fast positive. This pigment, which was most often observed in atrophic ovaries, is compatible with ceroid (Plate 12) . Ceroid in the ovary has been reported in 87.8% of female SD/Jcl rats (12) . In C57BL mice, ceroid deposition may be ex- tensive enough to impart a yellow color to the ovaries. This change has also been observed in ovarian tumors (10) .
Hemosiderin and hematoidin pigment was observed occasionally and was usually associated with vascular lesions or old areas of hemorrhage (Plate 13) . Two cases of melanin pigmentation of the ovary were seen in control mice (Plate 14) . Melanin may be a component of ovarian teratomas in B6C3F1 mice (13) .
Cysts
Ovarian cysts were a common finding in Fischer rats and B6C3F1 mice; mice had a threefold increased incidence of cysts over rats ( Table 7) . The overall incidence of 5.8% seen in Fischer rats was similar to that previously reported from this database (2) . A comparison with other rodent strains is given in Table 8 .
Follicular cysts arise in secondary follicles that fail to ovulate or that become atretic. These cysts vary in size and may be single or multiple (Plates 15 and 16) . Cysts frequently secrete estrogen in excessive amounts, resulting in persistent estrus, cystic endometrial hyperplasia, and infertility (14) . Cystic endometrial hyperplasia of the uterus is extremely common in B6C3F1 mice, with an incidence greater than 35% (15) . Ifyoung female rats or mice are subjected to room light for 24 hr/day instead of alternating cycles of light and darkness, their estrous cycles will stop between 1 and 3 months, and constant estrus will supervene. The ovaries from such animals have few or no corpora lutea, atypical cystic follicles, and abundant stroma. Hypophysectomized an- (14) .
Parovarian cysts are vesicular structures located in the mesovarium or mesosalpinx and are thought to arise from vestigial remnants of the rostral ends of the mesonephric and paramesonephric ducts. These cysts are lined by cuboidal epithelium and are surrounded by smooth muscle (Plate 21) . Parovarian cysts must be distinguished from cystic distention of the rete tubules, which lack smooth muscle in their cyst wall (Plate 22) (21). DBA mice frequently have degrees of cystic degeneration from dilatation of the rete tubules. These cysts often deform the entire ovary. Cystic degeneration should be differentiated from cystic enlargement ofthe bursa, which is frequently found in old mice (Plate 15 ). An enlarged bursa collapses at dissection, disclosing the ovary lying within. True ovarian cysts can be dis-55 sected intact, and ovarian tissue is found in their walls (11) .
Epidermoid cysts in this series were all diagnosed in B6C3F1 mice. Ovarian epidermoid cysts were lined by squamous epithelium and produced keratin (Plate 23) . Several malignant tumors have been reported to arise from ovarian dermoid cysts (benign cystic teratoma) in women (22) . More than 80% of these tumors are squamous cell carcinomas. There is one reported case in the literature of a Wistar rat that had a squamous cell carcinoma of the ovary that arose from an epidermoid cyst. The animal had been treated with 7,12-dimethylbenz[a]anthracene (23) . Other cysts also occur, the origin of which has been variously attributed to rete tubules or misplaced embryonic structures. Such cysts are lined by epithelium, which may be ciliated or which is high columnar with acidophilic cytoplasmic droplets that are periodic-acid-Schiff positive. These cysts show a tendency toward papilliferous growth (Plates 24 and 25). They may occur early in life but are more common and larger later in life (10).
Vascular lesions
Vascular lesions and their sequelae were primarily limited to the mouse, where there was a 25-fold increase in disease incidence over rats (Table 9 ). An occasional diagnosis of hemorrhage or thrombosis was made in the Fischer rat, but surprisingly, no diagnosis of periarteritis-nodosa (PAN) was made in the ovarian artery or associated branches. PAN has recently been reviewed by Anver and Cohen (24); differences in incidence between rat strains were given, but data on Fischer rats were not available. In NTP studies, the overall incidence of PAN has been comparatively low. Seven cases of periarteritis were present in mice in this series. The diagnoses of arteriosclerosis and perivasculitis were made in two of these cases. The lesions were in the ovarian artery or its branches and consisted of periadventitial fibrosis, medial hypertrophy, medial fibrinoid necrosis, and endothelial hypertrophy or hyperplasia (Plate 26) . Similar lesions have been reported in 020, C57BL, NZB/BL, RF, RFM, PN, and BL/De strains of mice (11, 8, 25, 26) . In the B6C3F1 mouse, hemorrhagic cysts (Plate 27), acute and chronic hemorrhage with thrombosis (Plate 28) , and angiectasis were commonly seen within the ovary. Old areas of hemorrhage often contained hemosiderin-laden macrophages, hematoidin pigment, cholesterol clefts, dystrophic calcification, amyloid deposition, or fibrosis. Diagnoses of hemorrhagic cysts were not made for the normally occurring corpus hemorrhagicum of the mouse ovary. Angiectasis consisting of dilated channels lined by large, plump, often pleomorphic endothelium was a frequent finding (Plate 29) . These vascular lesions, most often seen in aged mice, had to be differentiated from hemangiomas and hemangiosarcomas of the ovary. This diagnostic difficulty has been noted by others (10, 5, 27) .
Of related interest was the unusually high percentage of vascular ovarian tumors documented in this same database (13) . Why the mouse is more prone to vascular disease is unknown. Hemorrhage and thrombosis with secondary mineralization and cholesterol clefts were seen in these B6C3F1 mice and have been reported in other mouse strains with granulosa cell tumors (6, 28) . Ovarian angectasia has been reported in other mouse strains unrelated to neoplasia (5, 10, 29) . The lesion is more common in virgin females than in breeders. Frith (30) has reported ovarian hemorrhage and angiectasis in 4.4% of BALB/c mice between 319 and 500 days of age. Breeder females showed a zero incidence for the same time frame. Telangiectasis principally affecting vessels in the ovary, uterus, and small intestine (83.3%) was a common finding in NZC/BL mice treated with 7,12-dimethylbenz[a]anthracene (31) .
Hyperplasia
This diagnosis was reported in less than 1% of the rats and mice in this series (Table 10 ). In rats, the morphological qualifiers of adenomatous, tubular, or papillary were used for epithelial hyperplasia to describe an increase in Sertoli-like tubules or cords in atrophic ovaries (Plate 30) . These structures have been described by others (7, (32) (33) (34) (35) and were characterized by focal areas of epithelial cells with vague cytoplasmic borders and nuclear characteristics similar to those of the Sertoli cells of the seminiferous tubule. These tubules contained a distinct basement membrane but lacked other spermatogenic elements. They were most often located near the hilus of the ovary. The formation of testislike tubules similar to those seen in senile ovaries can be observed in rats hypophysectomized at 26 days of age (34) . The tubules occur as early as 5 months of age but are most common at 11 months. The formation of these structures is thought to be associated with a deficiency in gonadotropins (34) . Tubular hyperplasia of the ovary has been described in the Sprague-Dawley rat (36) . It may be differentiated from adenoma by size and the absence of compression.
Epithelial hyperplasia was much more common in B6C3F1 mice. Downgrowth of the overlying ovarian epithelium was so extensive in some cases that the ovary was replaced by interlacing clefts and tubules lined by cuboidal to columnar epithelium resembling the germinal epithelium (Plate 31) . Tubular downgrowths are infrequent in most mouse strains, but are common in CBA mice (10) . Irradiation increases tubular proliferation in aged mice (10) . Distinction between tubular hyperplasia and adenoma is difficult (10, 37) . Adenomas are composed of a distinct mass of tubulo-stromal elements, may compress adjacent tissues, and are usually 2 to 3 mm or more in diameter (38) . Interstitial cell hyperplasia (Plate 32) and hypertrophy are commonly seen in ovaries with follicular atrophy. Hypertrophy of interstitial cells can occur as a host response to toxic injury in the absence of ovarian atrophy. In the NTP subchronic study of tricresyl phosphate, this type of lesion was observed (Plate 33) . Granulosa cell hyperplasia has occasionally been observed (Plate 34) (32).
Atrophy
Ovarian atrophy occurred in mice 10 times more often than in rats (Table 11 ) and was associated with aging (Plate 35) . Morphologically, there is a diminution in size and weight of ovaries in older mice. Microscopically, there is a decrease in the number of follicles and/or increase in the number of cystic follicles. Corpora lutea are decreased in number; in mice, corpora lutea show a tendency toward hyalinization and amyloid deposition. There is a marked increase in interstitial cells, many of which contain ceroid pigment (7, 11, 33) . Nude mice, neonatally thymectomized mice, or rats and rodents treated with hormones or irradiation have ovarian dysgenesis or atrophy (32, 33, (39) (40) (41) . Ovarian atrophy resulting from urethane injection in neonatal mice has been described in C57/BL6J mice (42) . In the NTP subchronic toxicity study of vinylcyclohexene, a marked dose-related follicular atrophy in the mouse was observed (Plate 36) . 
